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Joining of Silicon Carbide 
Ceramic Using Cellulose
Paper

     A new method of brazing reaction-
bonded silicon (Si) carbide ceramic was
developed at Sungkyunkwan Universi-
ty, Suwon, South Korea (Ref. 1).
     The residual Si present in this ce-
ramic was used as a liquid phase to in-
filtrate a 25-m-thick, cellulose-based
parchment paper layer as well as the
paste made of a SiC/C mixture that
was sandwiched between two ceramic
blocks. There was no additional filler
material other than paper. The molten
silicon was sucked into the opening by
capillary pressure. The paper was used
to control the thickness of the joint.
     With an increase in the number of
paper layers, the thickness of the joint
also increased. The paper was impreg-
nated with silicon at a temperature of
1500˚–1550°C for 10 min; then, dur-
ing holding, the silicon reacted with
the carbon of paste and paper and, as a
result, reaction-bonded silicon carbide
was formed in the joint. The flexural
strength of the bonded specimen de-
pends on the thickness of the bonding
layer. When the thickness of the bond-
ing layer was < 30 m, the flexural
strength of the bonded specimen was
~ 250 MPa, which was similar to that
of the base material, but as the thick-
ness of the joint material increased,
the flexural strength decreased to 
< 60 MPa.

A New Filler Metal for
Reactive Air Brazing of YSZ
Ceramic to Stainless Steel

     Brazing a multilayer stack of yttri-
um-stabilized zirconia (YSZ) plates
with metal frames is a key process in
the production of fuel cells. Specifical-
ly, the imperfection of this process and
the instability of properties of the
brazed joints are currently delaying
the mass production and widespread
use of these energy sources. Therefore,
new methods of brazing YSZ with
metals are of interest in the industry.
A new filler metal for reactive air braz-
ing of the YSZ ceramic to stainless
steel was proposed by scientists from
the Harbin Institute of Technology,
China (Ref. 2).
     The traditional active components

CuO or Ag-CuO have been replaced by
niobium oxide and Ag-Nb2O5. The
brazing filler metal was a powder mix-
ture of silver and Nb2O5 with a content
of the latter from 0.3 to 25 at.-%.
Brazing was carried out at a tempera-
ture of 1150°C.
     The study showed a relatively high
dissolution of zirconium from ceramic
and the formation of new phases in
the joint metal, for example, AgNbO3,
Nb2Zr6O17, and CrNbO4. The maxi-
mum bending strength of 100–110
MPa was obtained for joints brazed
with the filler containing 10 at.-%
Nb2O5. Brazed joints of ceramics with
310S steel were tested at a tempera-
ture of 800°C for 350 h, and no dam-
age, including cracks after thermal cy-
cling, was found. This work opens up
the possibility of replacing copper ox-
ide in brazing filler metals of this type.
Copper oxide reacts with the steel and
is one of the reasons for the low
strength of the brazed joints.

Progress in High-Entropy
Brazing Filler Metals

     High-entropy alloys are a new class
of metallic materials with significantly
improved mechanical properties, espe-
cially at elevated temperatures. The
design and production of such brazing
alloys would increase the strength of
brazed joints and, finally, overcome
the barrier of 50–60% of the strength
of the base material inherent in the
most common silver and nickel filler
metals. High-entropy alloys must have
at least five components, each in the
range of 5–35 at.-%. The mixing en-
tropy of the components S in the al-
loy must be at least 1.36R (where R is
the universal gas constant), so in other
words, S > 11.3 J/mol • K.
     Despite the fact that the develop-
ment of high-entropy brazing alloys
began only six to seven years ago, to-
day there has been significant
progress. The CoCrCuFeNiGa and
CoCrCuFeNiGe brazed alloys devel-
oped at the University of Dortmund,
Germany, have shown a high strength
(388–407 MPa) for brazed joints of
the Mar-M 247 superalloy (Ref. 3).
Further tests will show how Ga- and
Ge-containing high-entropy filler met-
als will behave at high operating tem-
peratures of the superalloy. The eutec-
tic high-entropy brazing alloy CoCr-

FeNi2.1Nb0.73 was used to braze Crofer
22 to yttria-stabilized zirconia at
1200°C (Ref. 4) as components of the
fuel cell structure. The brazed joints
reached a strength of 90–104 MPa,
which is twice the strength of joints
made with traditional AgCuTi3 solder.
     Another high-entropy brazing filler
alloy, ZnGaCu-(AuSn), was designed
and tested at Sheffield University, UK,
to braze skutterudite thermoelectrics
to copper at 765˚–800°C (Ref. 5). The
brazed joint could be a part of devices
for thermal energy recovery within au-
tomotive exhaust systems.
     Finally, the high-entropy brazing al-
loys developed by Titanium Brazing
Inc., Columbus, Ohio, based on the
standard BTi-5 alloy are already avail-
able in commercial quantities and are
being used in industry (Ref. 6). Braz-
ing filler metal TiBraze200Nb
(Ti43Zr11Nb11Cu16Ni18, S = 12.2 J/mol
• K) showed a shear strength of
Ti6Al4V joints ~ 300 MPa at 600°C
against 103 MPa achieved with the
BTi-5 titanium brazing alloy. The same
TiBraze200Nb filler metal increased
the strength of brazed joints of the ce-
mented carbide WC6Co and titanium
by 51%. The strength of tantalum
brazed joints made with another high-
entropy TiBraze202 brazing alloy
(Ti38Zr10Cu14Ni15Nb11Mo11, S = 13.7
J/mol • K) was ~ 508 MPa compared to
~ 365 MPa for a standard BTi-5 alloy.

Brazing Stainless Steel Using
the Concentrated Solar
Energy Flux as a Heat Source

     Brazing in space requires economi-
cal heat sources that are not associated
with powerful electric furnaces. Tran-
sylvania University, Romania, and
CIEMAT, Spain, tested the brazing of
316L stainless steel by concentrated
solar energy as a natural heat source in
space (Ref. 7).
     The process was carried out in vacu-
um, air, and argon under various heat-
ing and cooling conditions. Nickel-
based alloy Monel® 400 was used as
filler material. When brazing with
Monel in a vacuum at 1205˚–1240˚C,
good-quality joints with minimal de-
fects were obtained. The shear
strength of the brazed joints was 285–
320 MPa, while in argon, the higher
shear strength values of 350–370 MPa
were obtained. Brazing by concentrat-
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ed solar energy in vacuum and argon
using the light reflector has led to
promising results that could prove to
be an alternative technology for join-
ing metals in near-Earth orbit.

Manufacture of Low-Melting
Aluminum Filler Metal 34A
(Al-27% Cu–6% Si) Modified
by 0.1% Sr

     Aluminum (AI) brazing filler metals
with a melting point well below Al-Si
eutectic are a long-standing and still
unsolved problem. Such filler metals
would be useful for joining all types of
aluminum alloys, especially the popu-
lar ones like A6061 or A7075. The ter-
nary eutectic Al–27% Cu–6% Si is just
such an alloy with a melting point of
525°C. However, this alloy is brittle, 
so it cannot be produced as a thin wire
or foil.
     Scientists from the National Re-
search Technological University MISiS,
Moscow, Russia, investigated the ef-
fect of a small amount of strontium on
the structure and plasticity of the eu-
tectic alloy (Ref. 8). It was shown that
strontium, as the modifier, significant-
ly reduces the size and morphology of
the embrittling phases in the brazed
joints, but it does not significantly af-
fect the mechanical and production
properties. Structure and properties
were studied for 3–4-mm-diameter
rods obtained by vacuum casting, hot
extrusion, and continuous casting.
The melting temperature of the stron-
tium-modified solder was 522°C,
which was 55°C lower than the melt-
ing temperature of the standard BAlSi-
4 eutectic solder and 63°C lower than
the solidus temperature of the A6061
alloy. The rods obtained by hot extru-
sion with a reduction ratio of 300
demonstrated the best strength of
320–350 MPa. The brazing tempera-
ture with the resulting filler metal was
540°C.

Hermetic Brazing of Diamond
Microcomponents with
Silicon as a Filler Metal

     A diamond box of 3.5 × 3.5 × 0.3
mm was formed as a transparent con-
tainer for an implanted chip, which in-
teracts with neural systems and serves
throughout the life of the recipient.
     Diamond is a bio-inert material
that ensures the strength and biocom-

patibility of packaging, as well as opti-
cal, wireless communication and pro-
tection of this device in the body for
many decades. A hollow diamond box
with a wall thickness of 50–100 mi-
crons was fabricated from two pieces
using a thin silicon interlayer of 30 m
thickness as the brazing filler metal. A
hydrogen plasma at a flowing rate of
500 cm3/min was used to create a
highly reductive atmosphere and re-
move any oxide from the surface of
the silicon or diamond. Complete fu-
sion of the silicon and diamond was
reached at 1300°C for 5 min, in vacu-
um ~ 1 Torr/min. A strong bond was
formed by the formation of SiC at the
interface. The brazed package was her-
metically sealed up to a helium con-
centration better than  2.2 × 10–9 cm3

atm/s.

Effect of 2D and 3D Pores on
the Strength of Brazed Joints

     Typically, the pores in a brazed joint
are statistically assessed for size in
quality control. However, it is neces-
sary to destroy some of the joints and
extrapolate the measurements to the
entire product. Scientists from the
École de Technologie Supérieure,
Canada, and Université de Toulouse,
France, have established a relationship
between pore measurements in de-
structive and nondestructive examina-
tions (Ref. 10). It turned out both the
number and the size of the pores
measured by destructive or nonde-
structive examinations differ signifi-
cantly. For example, a 3D porosity of
12% found in a destructive test corre-
sponded to a 7% porosity measured by
a nondestructive x-ray computed to-
mography examination.
     Moreover, pores (both at the sur-
face and in the middle of the overlap)
affect the strength of the brazed joint
more than is commonly believed. For
example, the above-mentioned 3D
porosity of 12% reduced the tensile
strength of 17-4 PH stainless steel
brazed with nickel-palladium filler
metal by almost 40%, while current
specifications indicate 15% as the crit-
ical porosity value.
     The influence of 2D pores on
strength was much weaker than that
of 3D pores. The same drop in
strength by 40% occurred at a 2D
porosity value of 33–36%, while at
12% of 3D porosity. The authors also
showed the pore interconnection,

which can be easily identified by volu-
metric reconstruction by both nonde-
structive or destructive inspections,
was a good indicator of the magnitude
of triaxial stress required to initiate
cracks at the interface between the
joint and the base material.

Microstructure Evolution and
Cooperative Reinforcement of
Alumina Ceramic Joints

     Borosilicate glass was used to bond
Al2O3 ceramics at temperatures of
975˚–1075˚C. The glass matrix in the
brazed joint was reinforced in situ
with Al4B4O9 whiskers, which have
grown as a result of the reaction of
glass and ceramics. The composition
of the glass layer was converted from
SiO2-B2O3-Na2O to SiO2-B2O3- Al2O3-
Na2O due to continuous diffusion and
dissolution of Al2O3. Scientists from
the Harbin Institute of Technology
and Beijing Institute of Control Engi-
neering, China, found the free oxygen
provided by Na2O and some nonbridg-
ing oxygen in [SiO4] units could be
easily captured by Al3+ to form [AlO4]
tetrahedron (Ref. 11 ).
     The appropriate amount of [AlO4]
units injected into the glass solder
played a vital role in strengthening the
reinforced glass structure, resulting in
a significant increase of the mechani-
cal strength of the joint. The shear
strength of brazed joints reached 61
MPa after brazing at 1050°C for 60
min. Meanwhile, a plurality of Al4B2O9
whiskers in situ growing from the
Al2O3/glass solder interface to the cen-
ter also solidified the glass interlayer
connecting the two ceramic blocks.
The proposed brazing technology
makes it possible to partially overcome
brittleness of the glass interlayer. This
is especially effective when glasses are
used as solders, because oxide glasses
do not need to be activated to wet the
ceramics.
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Do You Have a Brazing
Question?

    Email your submission to 
the Welding Journal’s Brazing
Q&A authors, Tim P. Hirthe,
Alexander E. Shapiro, and 
Dan Kay, at timhirthe@aol.com,
ashapiro@titanium-brazing.com,
and dan.kay@kaybrazing.com or
send it to their attention at

    Welding Journal Dept.
    8669 NW 36 St., #130
    Miami, FL 33166

    Your brazing question may be
chosen for this bimonthly
column and help other
individuals better understand
how to solve a particular
problem.
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